Objective: Adjuvant docetaxel-based chemotherapy is frequently used for operable early breast cancer (EBC).
Introduction
Breast cancer is the most common cancer among women globally and in China, and represents a leading cause of mortality and morbidity (1, 2) . However, early-stage breast cancer (EBC) is potentially curable with surgery and appropriate adjuvant systemic therapy to reduce the risk of distant recurrance (3) . Epidemiological data suggest that the majority of breast cancer cases in China are clinical stage I and II, and surgery is the most common treatment; received by approximately 99.6% of women with breast cancer (4) . Chinese women with breast cancer have different characteristics to their Western counterparts, including a relatively young age at diagnosis, different tumor pathologies and different treatment safety profiles, all of which influence treatment selection (4, 5) .
Adjuvant systemic therapy is recommended by most breast cancer treatment guidelines (6) (7) (8) (9) , largely based on evidence from the Early Breast Cancer Trialists' Collaborative Group (EBCTCG) study, which found a reduced risk of recurrence and death for adjuvant chemotherapy and endocrine therapy (10, 11) . The decision to use adjuvant therapy is based on several factors including the predicted benefit of adjuvant use and the risk of recurrence as assessed by several parameters including patients' age and health, tumor stage, tumor subtype and genetic profile [estrogen receptor (ER), human epidermal growth factor receptor 2 (HER2), and Ki67 expression status]. Although several scoring tools are available to aid treatment decision making, the final assessment of patient suitability for adjuvant chemotherapy is made by oncologists on an individual basis (3) .
Epidemiological data from China show that since 2006 adjuvant chemotherapy regimens containing both anthracyclines (doxorubicin or epirubicin) and taxanes (docetaxel or paclitaxel) have become the most commonly used, with epirubicin and docetaxel being the respective treatments of choice (4) . Anthracyclines have demonstrated signficant reductions in the risk of recurrence and overall mortality in EBC compared with non-anthracycline regimens such as cyclophosphamide plus methotrexate and 5-fluoruracil (10, 12, 13) . However, these agents are associated with cardiotoxicities including irreversible congestive heart failure, and their use in the West has declined in recent years in favor of taxane-based treatments (13, 14) .
Taxane-based adjuvant chemotherapy with docetaxel or paclitaxel reduces the risk of recurrence and death in EBC compared with taxane-free chemotherapy (15, 16) . Compared with paclitaxel, docetaxel has higher pharmacokinetic activity in vitro and can be administered concurrently with doxorubicin without associated cardiotoxicity (3, 17) . Furthermore, recent evidence suggests docetaxel is associated with superior disease-free survival (DFS) versus paclitaxel in the adjuvant setting for EBC (18) . The taxane toxicity profile varies according to the dosing schedule, with more neutropenia reported with three-weekly docetaxel; however, the majority of adverse effects (AEs) can be managed through treatment and supportive care (19) (20) (21) .
Treatment guidelines provide detailed algorithms for selecting adjuvant treatments for EBC (6, 9) . The selection of individual docetaxel-based regimens is made based on tumor-specific factors including tumor size and biology, and also patient-specific factors including age, health and risk of recurrence (3, 6, 7, 9) . A variety of docetaxelcontaining adjuvant treatment regimens utilizing different combinations of therapeutics and dosing strategies have been investigated, all of which have different risk/benefit profiles. Docetaxel plus cyclophosphamide (TC) and docetaxel plus doxorubicin and cyclophosphamide (TAC) were shown to have superior survival versus non-docetaxelcontaining regimens for adjuvant treatment of EBC as well as metastatic breast cancer (22) (23) (24) (25) (26) . In women with nodepositive EBC, a sequential docetaxel regimen [doxorubicin and cyclophosphamide followed by docetaxel (AC-T)] was associated with superior survival outomes compared with concurrent doxorubicin and docetaxel (TA) and concurrent TAC (27) . However, data from a 10-year follow-up of a further study revealed no long-term difference in DFS or overall survival (OS) with sequential versus concurrent docetaxel (28) .
Given that most evidence for docetaxel-based regimens has been reported from controlled clinical trials, and considering the wide range of adjuvant treatment strategies available, it is important to understand the use of adjuvant docetaxel in real-world clinical practice. The Asia-Pacific Breast Initiatives (APBI) I and II were set up to collect, analyze and disseminate data on the real-world use of adjuvant docetaxel for EBC in the Asia-Pacific region (29) (30) (31) . The analysis presented in this report pooled data from Chinese patients included in APBI I and II as well as two Chinese breast cancer registries to investigate patterns of adjuvant docetaxel use for EBC in real-life clinical practice in China. 3 and history of severe hypersensitivity reactions to docetaxel or to other drugs formulated with polysorbate 80. Safety data were collected after 1 year of follow-up for the APBI I registry and after 1.5 years followup for the APBI II registry.
Materials and methods

Study design and patients
The BC Local Registry was a retrospective, multicenter observational study which aimed to assess patient profiles, patterns of care, and treatment outcome in patients with operable breast cancer treated with docetaxel-based adjuvant chemotherapy. Patients were excluded if they had bilirubin >ULN, SGOT >1.5×ULN with alkaline phosphatase (ALP) >2.5×ULN, or glutamic-pyruvic transaminase (GPT) >1.5×ULN with ALP >2.5×ULN. Patients with ongoing docetaxel treatment were also excluded. BC STATE was an observational study that aimed to assess the patterns of treatment in patients with operable newly-diagnosed breast cancer who received docetaxel-based adjuvant chemotherapy at Tier I non-cancer-specialized hospitals and other city hospitals in China.
For all patients, treatment was selected at the discretion of the treating physician. Written informed consent was obtained from patients before entry to all studies. The pooled data were grouped by treatment selection with four groups defined as: patients receiving docetaxel and anthracycline in combination (docetaxel/anthracycline combo) or sequentially (docetaxel/anthracycline sequential); docetaxel in combination with other medication (docetaxel/other); or "other" treatment. Patients who switched treatment once or more during the chemotherapy period were grouped according to the first treatment received.
Study endpoints and data collection
The primary analysis endpoint was to assess treatment patterns and patient profiles for docetaxel-based adjuvant chemotherapy for EBC in real-world clinical practice in China. Secondary endpoints included assessment of the tolerability and safety of docetaxel-based adjuvant chemotherapy as well as investigating baseline factors (age, height, weight, menopausal status, concomitant disease, tumor phase, tumor type, and estrogen, progesterone and biomarker-HER2 status) associated with treatment selection.
Tumor molecular subtypes were defined according to the current guidelines at the time of patient enrolment. (32) . Prior to this, tumors with 10% nuclear-stained cells were defined as ER and/or PR positive. HER2 staining was evaluated from 0 to 3+ according to the ASCO/CAP guidelines; 3+ was considered positive while 0 and 1+ were considered negative (33) . Samples with HER2 2+ were confirmed by fluorescent in situ hybridisation (FISH).
AEs were defined as treatment-emergent (TEAE) if the AE started on or after the date of the first dose of study drug up to and including 21 d after the last dose of study drug, or if the AE started before the first dose of study drug but worsened in severity on or after the date of first dose of study drug, up to and including 21 d after last dose of study drug. Subjects experiencing the same AE more than once over the course of the study were counted only once in the incidence calculation for that AE.
Statistical analysis
Continuous variables were summarized as unless specified. Categorical variables were summarized using frequency and percentage. The Chi-square test was used for multiple proportion comparisons. Univariate and multivariate logistic regression models were fitted to examine baseline factors associated with treatment selection. The level of significance was set at P<0.05 and all analyses were performed using SAS software (Version 9.2 or above; SAS Institute Inc., Cary, NC, USA).
Results
Patients
In total, data from 3,020 patients were included; from the BC Local Registry [1,913 ( Table S2 ). Of the patients included in this pooled analysis, 1,421 (47.1%) received docetaxel/anthracycline combo, 447 (14.8%) received docetaxel/anthracycline sequential, 705 (23.3%) received docetaxel/other, and 447 (14.8%) were treated with "other" chemotherapy regimens. Overall, 1,868 (61.9%) subjects received an anthracycline-based regimen and 1,152 (38.1%) subjects received a non-anthracyclinebased regimen.
The mean age of all study subjects was 49.3±9.5 years and was similar across the treatment categories ( Table 1) . Overall, 14.9% of subjects were in the age group of <40 years, 78.4% were in the age group of 40-65 years, and 6.0% were aged ≥65 years. The majority of patients were pre-menopausal, with the highest proportion of premenopausal patients in the docetaxel/anthracycline combo group (60.1%).
Total mastectomy was the most common type of surgical intervention across all groups. Patients in the docetaxel/ anthracycline sequential group had a higher proportion of partial mastectomy (20.8%), breast reconstruction (50.3%) and lymph node excision (91.9%) compared with all other treatment groups. Neoadjuvant chemotherapy was received by 13.3% of patients overall, with the highest use observed for patients in the docetaxel/anthracycline combo group (17.7%), and the lowest use among patients in the docetaxel/anthracycline sequential group (0%).
Tumor classification and pathology
The most common tumor stage in all treatment groups was stage IIA (32.4%), and the majority of all patients were stage IIA-IIIA (75.8%) ( Table 2) . Among all patients, over 80% had ductal carcinoma, 68.6% had tumor size ≥2 cm, 12.6% had lymphovascular invasion and the most common molecular subtypes were Luminal A (35.3%) and triplenegative (21.2%).
Almost all patients had ER, PR and HER2 testing results ( Table 2 ). The majority (61.9%) of patients were ER positive, 36.0% were ER negative and 2.0% subjects had unknown status. For PR, the majority (54.8%) of patients were positive, 42.9% were negative and 2.2% had unknown status. Only a small number (476) of patients had HER2/neu status evaluated by FISH. However, of the majority who had HER2/neu status evaluated by immunohistochemistry, the most common HER2/neu status was 0 (32.9%), followed by 2+ (17.8%), 1+ (17.3%) and 3+ or greater (15.6%).
Use of docetaxel-based adjuvant therapy
Among all patients included in the study, the most commonly used adjuvant chemotherapy regimens were T/epirubicin (E)/C (TEC) [739 (24.5%)], TE [391 (12.9%)] and TAC [180 (6.0%)]. Of the confirmed docetaxel/anthracycline combo regimens the most commonly used was TEC (52.0%), followed by TE (27.5%) and TAC (12.7%) (Figure 1 ). Among patients in the docetaxel/anthracycline sequential group, 40.9% and 39.6% received 5-flurouracil (F)/EC-T and EC-T, respectively. For patients in the docetaxel/other group, 72.8% received TC, and for those in the "other" group 91.5% received docetaxel monotherapy.
There was a wide variation in the number of docetaxel cycles and doses received between the treatment groups ( Table 3) . Patients in the docetaxel/anthracycline combo group received the highest number of cycles of docetaxel (5.3) and the highest total docetaxel dose (385.3 mg/m 2 ) when compared with all other groups. In contrast, patients in the docetaxel/anthracycline sequential group received the lowest number of cycles (3.4) and total dose (277.5 mg/ m 2 ) of docetaxel, although the average docetaxel dose per cycle for these patients was the highest of all treatment groups (80.9 mg/m 2 per cycle).
Baseline factors associated with treatment selection
Multivariate regression analysis revealed that patients were more likely to receive docetaxel/anthracycline combo therapy if they were: 1) aged <40 years versus ≥65 years (P<0.001); 2) had lower bodyweight (P=0.049); 3) were premenopausal versus post-menopausal (P<0.001); 4) had an unknown ER status versus being ER negative (P=0.005); or 5) if they had lobular versus ductal carcinoma (P<0.001) ( Table 4) . A docetaxel/antracycline sequential regimen was more likely to be selected for patients aged <40 years versus ≥65 years (P=0.008) and ER negative patients (P=0.002) ( Table 5) . Furthermore, significant associations were found between patients receiving docetaxel/other therapy and being aged ≥65 years versus <40 years (P<0.001), being post-versus pre-menopausal (P=0.007) and having positive versus negative PR status (P<0.001) ( Table 6 ). HER2 status was excluded from the analyses due to an insufficient number of patients with available data. 
Safety
TEAEs were reported in 76.9%, 65.5%, 74.5% and 62.0% of patients in the docetaxel/anthracycline combo, docetaxel/anthracycline sequential, docetaxel/other and "other" treatment groups, respectively ( Table 7) . The majority of TEAEs were grade 1 and 2, with no grade 5 TEAS reported. Grade 3 TEAEs were most frequently reported in the docetaxel/anthracycline combo group, while grade 4 TEAEs were most common in the docetaxel/anthracycline combo and docetaxel/other groups (11.1% and 11.6%) compared with the docetaxel/ anthracycline sequential and "other" treatment groups (7.8% and 7.6%). In addition, serious TEAEs were more frequently reported in the docetaxel/anthracycline combo and "other" treatment groups (9.7% and 9.6%) compared with the other two treatment groups. Hematological TEAEs were most commonly reported for patients in the docetaxel/anthracycline combo group (65.9%) and were least common in the docetaxel/anthracycline sequential group (36.7%). The overall incidence of cardiovascular TEAEs was low, with the highest incidence reported in the docetaxel/anthracycline group (1.1%).
Adherence to treatment guidelines
The chemotherapy treatment received by most patients was consistent with their planned treatment ( Table 8 ). There was a statistically significant difference in the number of patients who received treatment in-line with the planned treatment between Tier 1 city hospitals versus other city hospitals (all P<0.05; Table 1 ).
Discussion
Taxane-based adjuvant chemotherapy with docetaxel or paclitaxel for EBC has been extensively studied and is recommended by most international treatment guidelines (6, (9) (10) (11) 15, 16, 34) . This pooled analysis of 3,020 patients from four observational studies addresses an important knowledge gap on treatment patterns and real-world use of docetaxel for EBC in China. The results indicate that the most commonly used treatment regimen category in this setting is docetaxel administered concurrently with anthracycline, which was received by almost half of the patient population (47.1%). This was followed by docetaxel combined with other agents, docetaxel and anthracycline administered sequentially, and "other" treatments primarily comprised of docetaxel monotherapy. The results also showed that overall the most commonly used docetaxelbased adjuvant chemotherapy regimens for EBC in China are TEC (24.5%), TE (12.9%) and TAC (6.0%).
The addition of taxanes to anthracycline-based chemotherapy has been shown to reduce breast cancer mortality, with improved DFS and OS (10, 34) . A metaanalysis of three phase III studies in EBC showed that sequential administration of anthracyclines and taxanes provides a significant improvement in in OS and DFS over combination dosing (35) . In contrast, a long-term followup from the Breast Cancer International Research Group (BCIRG)-005 study suggested there is no difference in OS or DFS between TAC or AC-T, although TAC was associated with higher rates of febrile neutropenia, and AC-T with higher rates of myalgia, hand-foot syndrome, and neuropathy (28) . Nonetheless, sequential administration of anthracyclines and taxanes is recommended by treatment guidelines (6, 9) . The results of the present study indicate that combination administration of docetaxel and anthracyclines is notably more common than sequential administration among EBC patients in China (47.1% vs. 14.8%). The choice of combination regimens may be based on several factors including improved patient compliance with the shorter overall treatment time, and the potential for synergistic treatment effects despite dose reductions required for combination use and an increased risk of toxicities (3). Although sequential treatment may have greater therapeutic benefit, this needs to be weighed against the risk of patient non-adherence. This explanation is supported by the relatively low average age of patients in this study compared with that commonly observed for Western EBC patient populations (49.3 years) and the low prevalence of concomitant cardiovascular disease (4.8%), which may have favored the use of a combination regimen. The present analysis revealed that the majority of Chinese patients with EBC treated with docetaxel received anthracycline-based treatment (61.9%). This is interesting given that anthracycline-based regimens are usually reserved for patients at higher risk of disease recurrence, taking into consideration the potential cardiotoxic effects of these regimens (3, 12) . Accordingly, in the West the use of anthracyclines has been declining over the past two decades (13, 14) . Epidemiological data from China indicate the use of anthracycline-based adjuvant treatments without taxanes is declining (55% in 2003 vs. 25% in 2008), overtaken by taxane-based treatments with or without anthracyclines (4). In the Phase III US Oncology Research Trial 9735, four cycles of TC yielded superior DFS and OS compared to standard AC, and was tolerable in both older and younger EBC patients (22) . However, a recent joint efficacy analysis of three large EBC trials showed that the addition of taxanes to AC significantly increased invasive-DFS compared to six cycles of TC alone (88.2% vs. 90.7%, P=0.04) (36) . Nonetheless, the overall body of evidence suggests that anthracycline-free, taxane-based treatments are a feasible alternative in selected patients, particularly those at risk of cardiac complications and/or those with low-to moderate-risk disease (3, 6, 9, 37) . The choice between sequential and combination therapy in this study was significantly associated with several patient baseline factors. Patients who are more likely to receive docetaxel/anthracycline combo treatment were those: 1) aged <40 years versus ≥65 years; 2) had lower bodyweight; 3) were pre-versus post-menopausal; 4) had an unknown ER status versus being ER negative, and 5) had lobular versus ductal carcinoma. Sequential treatment was more likely to be selected for patients aged <40 years versus ≥65 years, but selection was also associated with patients who were ER negative. These findings may reflect TEAE, treatment emergent adverse event; CTCAE, common terminology criteria for adverse events; *, no grade 5 TEAEs reported. that older age is associated with better prognosis compared to younger patients, who have higher recurrence rates and a higher prevalence of factors associated with worse survival outcomes, including ER-negative disease (38, 39) . Adjuvant chemotherapy with an anthracycline-taxane regimen is usually recommended for patients with triple-negative, HER2-positive EBC and in those with high-risk HER2-negative tumors (3, 6, (8) (9) (10) . However, in a recent EBCTCG meta-analysis, the relative benefit of anthracycline-or taxane-based chemotherapy was found to be similar in all patient subgroups independent of age, stage, histopathological grade and ER status, with treatment reducing mortality by one-third (10). Although treatment guidelines recommend taxanes in combination with other agents for adjuvant treatment of EBC, in this study the vast majority of patients in the "other" treatment group received docetaxel monotherapy (91.5%) (6) (7) (8) (9) . Treatment with docetaxel alone is usually reserved for locally advanced or metastatic breast cancer in patients who have received prior chemotherapy (40, 41) . There are two likely explanations for the high proportion of patients in this study receiving docetaxel monotherapy. Firstly, the majority of patients (63.3%) were from the BC Local Registry which included retrospective data from patients treated many years ago when docetaxel monotherapy was relatively common in China. Secondly, if patients receiving EC-T were enrolled after completion of EC, they may have been recorded as receiving docetaxel monotherapy. However, with regards to general adherence to clinical guidelines, the actual chemotherapy treatment received by the majority of patients was consistent with their planned treatment, with only a limited number from each group switching to alternate chemotherapies. In addition, compliance with planned treatment was significantly higher at Tier 1 city hospitals compared with other city hospitals (all P<0.05).
This study had several limitations which deserve to mention. Firstly, this was a retrospective pooled analysis which has inherent limitations based on the individual studies and data sets used. In addition, the registry studies this analysis was based on had the inherent limitations of all observational studies including broad patient inclusion criteria, missing data, and a wide range of treatment regimens, which makes drawing strong conclusions difficult. Secondly, data on tumor staging characteristics including size, grading and lymphovascular invasion, as well as HER2 status by FISH testing, were not available for a large number of patients. These factors are known to influence treatment selection and their inclusion may have provided further insights into treatment patterns in this population. Similarly, an analysis of survival outcomes was not possible due to the limited number of patients with available data.
Conclusions
This pooled analysis provides valuable data from real-world clinical practice regarding adjuvant docetaxel treatment patterns in patients with operable breast cancer in China between 2006 and 2014. The most commonly-used docetaxel-based adjuvant therapy was the combined administration of docetaxel with anthracyclines, in particular the TEC regimen, reflecting the local preference for epirubicin over doxorubicin and combination administration over sequential treatment. The use of docetaxel/anthracycline combo therapy was associated with patient age, bodyweight, menopausal status, ER status, and tumor type (lobular versus ductal carcinoma). Taxanebased anthracycline-free regimens were the second most commonly used, which is consistent with the declining use of anthracyclines in both China and the West.
